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FOREWORD 


This  report  was  prepared  by  the  Organic  Materials  Branch  and  was 
initiated  under  Research  and  Development  Order  No.  617-11  (A.-31  "Synthesis 
and  Evaluation  of  New  Polymers".  The  report  was  administered  under  the 
direction  of  the  Materials  Laboratory,  Directorate  of  Research,  Wright 
Air  Development  Center,  with  Capt  Roy  T.  Clark  acting  as  project  engineer. 
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ABSTRACT 


Preparation  of  fluorine-containing  silicone  heteropolyoers 
has  been  accomplished  on  an  experimental  scale*  Specifically, 
elastomeric  copolymers  have  been  prepared  of  dimethyl  dichlorosi- 
l&ne  with  his  3.3 *4, 4, 5, 5.5  heptafluoropentyl  diethoxysilane, 
3.3,4, h, 5, 5, 5 heptafluoropentyl  methyl  dlethoxysilane  and  his 
3,3.3  trifluoropropyl  dimethoxysilane.  Copolymerization  was 
realized  both  from  the  oil  resulting  from  cohydrolysis  of  these 
compounds  and  by  polymerizing  a blend  of  the  separately  hydrolyzed 
materials. 

These  copolymers  all  exhibited  improved  resistance  to  the 
swelling  action  by  fuels  and  retained  other  desirable  physical 
properties  to  a large  degree  when  compared  to  methyl  silicone 
rubber  prepared  by  the  same  method.  Although  these  elastomers, 
like  commercial  silicone  rubber,  had  rather  low  tensile  strength 
When  in  the  swelled  condition,  they  had  considerably  greater 
stability  in  diester  oil  at  elevated  temperature  than  either 
methyl  silicone  rubber  prepared  in  the  same  manner  or  the 
conn ercially  available  polymers;  the  fluorinated  elastomers  re- 
tain over  50$  of  their  tensile  strength  after  24  hours  in  diester 
fluid  at  400°F,  whereas  the  unfluorinated  materials  dissolve  at 
approximately  350°!’.  Attempts  to  prepare  fluorine-containing 
silicone  homopolymers  have  been  unsuccessful. 
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I.  INTRODUCTION 


The  research  discussed  herein  was  conducted  in  the  Organic 
Materials  Branch,  Materials  laboratory,  Directorate  of  Research,  WADC. 
The  proposed  objective  of  this  research  was  to  prepare  and  evaluate 
copolymers  of  dimethyl  dichlorosilane  and  fluoroalkyl  difunctional 
silanes  as  fuel  resistant  and  high  temperature  oil  resistant  elastomers. 

Purdue  University,  under  contract  AP  33(038)20581,  prepared  the 
fluoroalkyl  silanes  which  were  utilized  in  this  investigation. 
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II.  DISCUSSION 


Extremes  in  operating  temperatures  of  present  and  future  aircraft 
have  stimulated  considerable  interest  in  the  expanded  utilization  of 
silicone  rubber  as  an  aircraft  material.  This  rubber  remains  flexible 
at  -100  degrees  I and  can  be  used  at  |500  degrees  F for  many  hours. 

No  other  known  rubber  will  do  this.  Silicone  rubber  does  have  several 
short-comings,  however,  such  as  lower  tensile  strength  than  many 
natural  and  synthetic  rubbers,  poor  abrasion  resistance,  complete  de- 
terioration above  380  degrees  F in  diester  oils,  and  poor  resistance 
to  the  swelling  action  caused  by  fuels.  It  is  believed  that  all  of 
these  will  be  impi'oved  considerably  by  nsv;  compounding  discoveries, 
however  fuel  resistance  appears  to  be  a problem  which  will  require 
modification  of  the  polymer  as  well.  One  possible  method  of  modifica- 
tion to  improve  this  property  is  through  the  introduction  of  fluorine 
into  the  basic  structure  of  the  siloxane  chain. 

1.  Methyl  Silicone  Elastomers 

The  most  easily  prepared  and  widely  used  silicone  rubber 
known  is  polydimethyl  siloxane.  Since  previous  attempts  to  prepare 
this  material  for  control  purposes  were  unsuccessful,  the  initial 
phases  of  this  investigation  were  devoted  to  its  preparation.  A study 
of  the  previous  work  by  Luck  (l)  and  literatxire  by  Rochow  (2)  Indicated 
that  the  primary  reason  for  the  lack  of  success  was  probably  due  to  the 
ub6  of  impure  dimethyl  dichlorosilane.  In  consideration  of  this 
assumption,  approximately  1.5  liters  of  commercial  grade  dimethyl 
dichlorosilane  were  distilled  through  a modified  Todd  column  and  the 
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fraction  boiling  at  70  degrees  C at  ?60  mm  was  collected  for  use* 
Approximately  12  mis  of  material  boiling  from  68  degrees  to  70  de- 
grees C were  obtained.  This  fraction  undoubtedly  contains  consider- 
able methyl  trichloro  silane  which  causes  excessive  crosslinking  of 
the  siloxane  chains  prior  to  curing.  If  this  occurs,  brittle  non- 
elastomeric  polymers  are  formed.  In  order  to  obtain  elastomeric 
siloxane  polymers,  crosslinking  must  occur,  but  it  should  take  place 
during  the  curing  process  with  peroxide  rather  than  during  polymeriza- 
tion. The  following  are  presented  to  support  this  conclusion? 

Experiment  C-4 

Fifty  ml  of  distilled  dimethyl  dichlorosilane  were  added  drop- 
wise  to  200  ml  of  10$  HC1  over  a period  of  1 hour.  Stirring  continued 
2 additional  hours.  Hydrolyzed  oil  separated  and  centrifuged  to  re- 
move additional  water.  Ten  grams  of  oil  heated  to  140  degrees  C in  an 
open  system  and  20  drops  of  5$  NaOH  in  ethanol  added.  Stirring  continued 
and  temperature  kept  between  140  degrees  - 150  degrees  C for  55  minutes 
when  a thick  serai-solid  polymer  formed.  On  compounding  with  75  parts  of 
ethyl  polysiloxane  coated  Santocel  "C*  filler  and  6.6  parts  of  benzoyl 
peroxide,  curing  20  minutes  at  258  degrees  F,  and  aging  1 hour  at  300 
degrees  F a fairly  good  elastomer  was  obtained.  Tensile  Strength  450 
lbe/in2;  128$  Elongation. 

Experiment  J-133 

Fifty  ml  of  undistilled  (commercial  grade)  dimethyl  dichlorosilane 
were  added  dropwise  with  stirring  to  400  ml  of  10$  HC1  over  a period  of 
1 hour.  Stirring  continued  2 additional  hours.  Hydrolyzed  oil  separated 
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and  centrifuged  to  remove  additional  water.  Ten  grams  of  oil  heated  to 
130  degrees  C with  stirring  in  an  open  system  and  20  drops  of  5$  NaOH 
in  ethanol  were  added.  Stirring  and  heating  continued  for  1 l/4  hours 
with  temperature  at  130  degrees  C when  the  material  became  to  viscous 
for  mechanical  stirring  because  of  clinging  to  the  Btirrer.  Heating 
continued  for  20  minutes  and  the  material  became  a thick  semi-solid 
elastomer.  On  compounding  with  50  parts  of  ethyl  polysiloxane  coated 
Santocel  *'C"  filler  and  5 parts  of  benzoyl  peroxide,  curing  20  minutes 
at  258  degrees  ? and  aging  1 hour  at  300  degrees  F,  a brittle  non- 
elastomeric  sample  was  obtained.  Tensile  strength  approximately  50 
Ibs/in2. 

When  these  experiments  were  repeated  using  sulfuric  acid  as  the 
polymerizing  agent,  a fair  elastomer  was  obtained  with  the  distilled 
silane,  and  a brittle  non-olastomeric  sample  was  obtained  with  the  un- 
distilled silane.  Sulfuric  acid,  however,  seems  to  produce  a more 
highly  croeslinked  product.  It  is  thought  that  it  acts  as  an  oxidizing 
agent  and  demethylates  some  of  the  silicon  atoms  which  results  in  the 
formation  of  a Biloxane  bridge  or  removee  hydrogen  atoms  and  forms 
methylene  ether  linkages.  Additional  evidence  is  that  sulfuric  acid 
causes  crosslinking  when  used  to  polymerize  octamethyl  cyclotetrasiloxane, 
a material  which  is  free  from  trifunctional  units.  Polymerization  of 

this  material  with  K0H  produces  a polymer  with  a tensile  strength  in 

2 

excess  of  800  lbs/in  on  compounding. 

2.  Copolymers  of  Dimethyl  Dlchlorosilane  and  Bis  3. 3.4.4. 5. 5. 5 
Heotafluoro pentyl  Diethoxy  Silane 

Since  previous  investigators  found  that  bis  3i3»4,4 ,5,5*5 
heptafluoropentyl  diethoxy  silane  (3)  could  not  be  homopolymerized  into 
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an  elastomer,  the  most  feasible  method  of  introducing  fluoroalkyl  groups 
into  the  siloxane  chain  appeared  to  be  copolymerization  with  a compound, 
such  as  dimethyl  dichlorosilane,  which  is  known  to  produce  elastomeric 
materials.  The  following  experiments  are  presented  as  evidence  that 
the  above  can  be  accomplished  to  produce  silicone  elastomeric  materials 
with  improved  thermal  stability  in  diester  oil  as  well  as  fuel  resistance. 

Experiment  C-16 

Twelve  grams  of  distilled  dimethyl  dichlorosilane  (B.P.  70  degrees  C) 
and  3 grams  of  bis  3«3*k,b,5.5,5  heptafluoropentyl  diethyoxy  silane  were 
placed  in  a separatory  funnel  and  mixed  thoroughly.  Mixture  added  drop- 
wise  with  stirring  to  100  ml  of  10$  HC1  over  a period  of  20  minutes  and 
stirring  continued  for  2 additional  hours.  Solution  placed  in  a separa- 
tory funnel  and  allowed  to  stand  over  night.  Clear  oil  settled  to  the 
bottom  and  was  separated.  HC1  layer  extracted  with  diethyl  ether,  ether 
evaporated,  oil  layers  combined  and  heated  to  drive  off  adhering  water. 
Yield  of  oil  6.6  grams  or  bb$  of  starting  material.  Refractive  index 
1,3878  at  2C  degrees  C.  Infrared  spectrum  recorded. 

Six  and  one  half  grams  of  the  oil  heated  to  120  degrees  C in  an 
open  system  on  a hot  plate  with  stirring  and  20  drops  of  freshly  pre- 
pared 3$  NaOH  in  ethanol  were  added.  Heating  and  stirring  continued 
for  2 hours  with  temperature  120  degrees  to  130  degrees  C.  Polymer  be- 
came too  viscous  to  stir  because  material  began  to  cling  to  stirrer; 
therefore,  only  heating  was  continued  for  bO  additional  minutes.  A 
transparent  solid  elastomeric  polymer  formed.  Weight  3*5  grams.  Yield 
5b$  of  oil  or  23$  of  starting  material.  Infrared  spectr’im  indicated  no 
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loss  of  fluorine.  On  compounding  with  50  parts  of  ethyl  polyBiloxane 
coated  Santocel  "C"  filler  and  5 parts  of  benzoyl  peroxide  with  curing 
at  258  degrees  F for  15  minutes  and  aging  for  1 hour  at  300  degrees  F, 
a rather  good  sample  was  obtained.  Specimen  handled  well  on  the  mill. 
Physical  properties  are  listed  in  Table  I.  * 

Experiment  0-17 

A,  blend  of  three  grams  of  bis  3.3.4, 4, 5, 5»5  heptafluoropentyl 
diethoxy  silane  and  6.9  grams  of  methyl  silicone  oil  (prepared  from 
10%  HC1  hydrolysis  of  distilled  (CH-j^  SiClgJwaB  made  and  mixed  thor- 
ou^ily.  Blend  heated  to  120  degrees  C and  20  drops  of  5#  NaOH  in 
ethanol  added  with  stirring.  Heating  and  stirring  continued  for  8 
hours  with  temperature  125  degrees  to  130  degrees  C with  some  change 
in  viscosity.  Ten  additional  drops  of  freshly  prepared  5$  NaOH  in 
ethanol  added  and  heating  and  etirring  continued  for  2 hours  with 
temperature  140  degrees  to  150  degrees  C.  Material  began  to  cling  to 
stirrer  so  stirring  was  discontinued.  Temperature  kept  140  degrees  to 
150  degrees  C for  1 additional  hour  when  a transparent  solid  elasto- 
meric material  formed.  Weight  50  grams.  Yield  530#  of  oil.  Infrar- 
red  spectrum  indicated  no  loss  of  fluorine.  On  compounding  in  the  same 
manner  as  C-l6  a rather  good  sample  was  obtained.  Physical  properties 
are  listed  in  Table  I. 

NOTIl  Sodium  hydroxide  ie  dispersed  in  ethanol  for  the  convenience 
of  adding  email  quantities  only  and  the  ethanol  is  allowed 
to  boil  out  of  the  system.  Twenty  drops  of  5#  ethanolic 
NaOH  equals  .023  gm.  of  NaOH* 

3nfl£jgaaLJS=aS 

Three  grams  of  bis  3.3, 4, 4, 5. 5*5  heptafluoropentyl  silane  diol  (4) 
and  10  grains  of  distilled  dimethyl  dichlorosilane  were  thoroughly  mixed 
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and  added  dropwise  to  100  ml  of  10$  ECl  with  stirring  over  a period  of 
20  minutes.  Stirring  continued  1 hour;  then  oil  and  HC1  solution  re- 
fluxed for  15  hours.  Oil  separated,  HC1  solution  extracted  twice  with 
diethyl  ether,  ether  evaporated,  and  oils  combined.  Oil  centrifuged 

"l 

then  heated  for  5 minutes  to  drive  off  adhering  water.  Infrared  curve 
almost  identical  to  Experiment  C-18.  Refractive  index  1.3?86  at  20 
degrees  C.  Yield  of  oil  5*8  gm  or  44$  of  starting  material. 

Five  grams  of  the  oil  placed  in  a closed  system  and  15  drops  of 
5$  K0H  in  ethanol  added  when  the  temperature  reached  ICO  degrees  C. 

The  system  was  then  opened  and  the  ethanol  allowed  to  volatilize. 

System  closed,  temperature  raised  to  160  degrees  C for  7 hours  with 
stirring  and  on  cooling  a solid  elastomeric  material  formed.  Weight 
4.5  grams.  Yield  90$  of  oil  or  44$  of  starting  material.  Infrared 
spectrum  indicated  slightly  greater  fluorine  content  in  polymerized 
material  than  in  the  oil.  This  was  probably  due  to  a slight  amount 
of  volatilization  of  cyclic  tetramer  while  the  system  was  open  to  allow 
volatilization  of  the  ethanol.  Compounded  with  45  pax*ts  of  ethyl  poly- 
siloxane  coated  Santocel  HCn  filler  and  5 partB  of  benzoyl  peroxide  with 
curing  15  minutes  at  258  degrees  F and  aging  1 hour  at  300  degrees  F. 
Physical  data  is  presented  in  Table  I. 

3.  Copolymers  of  Dimethyl  Dichlorosilane  and  3. 3. 4. 4. 5. 5. 5 
Hentafluoronentyl  Methyl  Dlethoxysilane 

Several  attempts  were  made  to  hcmopclymerize  3.3»4,4,5, 5,5 

heptafluoro pentyl  methyl  dlethoxysilane  into  an  elastomer  with  potassium 

hydroxide  but  none  were  successful.  The  highest  degree  of  polymerization 

was  obtained  in  the  following  manner: 
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Ten  grams  of  3»3»Jj'»i},5>5,5  heptafluoropentyl  methyl  diethoxy- 
silane  were  placed  in  100  ml.  of  10J6  HC1  and  refluxed  for  18  hours. 

The  resulting  oil  was  then  separated  and  centrifuged  to  remove  ad- 
hering water.  Four  grams  of  the  hydrolyzed  oil  were  placed  in  a re- 
flux apparatus,  three  drops  of  con.  stilfurlc  acid  were  added  and  the 
mixture  allowed  to  boil  for  6 hours.  Three  additional  drops  of  con. 
sulfuric  acid  were  then  added  and  heating  continued  for  Jk  hours.  On 
cooling  only  a very  slight  increase  in  viscosity  was  noted. 

Since  it  was  not  possible  to  prepare  a homopolymer  of  3.3,^.^>5»5*5 
heptafluoropentyl  methyl  disthoxysilane , copolyaerization  investigations 
of  this  compound  and  dimethyl  dichlorosilane  were  initiated.  It  was 
found  that  copolymers  could  be  prepared  by  cohydrolyzing  the  previously 
mentioned  types  of  silanes  in  water,  dilute  hydrochloric  acid,  sodium 
sulfate  solution,  sodium  carbonate  solution,  etc.,  then  polymerizing 
the  cohydrolysis  product  thus  obtained  by  heating  with  well  known  poly- 
merizing agents  such  as  sodium  hydroxide,  potassium  hydroxide,  sulfuric 
acid,  ferric  chloride  hexahydrate,  etc.,  until  a gel  of  the  desired  con- 
sistancy  is  obtained.  It  has  been  found  desirable  to  reflux  the  hydro- 
lyzed product  and  hydrolyzing  media  for  several  hours  to  effect  more 
complete  hydrolysis  prior  to  polymerization. 

An  alternative  method  of  preparing  these  elastomers  is  by  blend- 
ing the  difunctional  fluoroalkyl  silanes  or"  the  hydrolyzed  oil  obtained 
from  them  with  methyl  silicone  oil  and  using  the  same  polymerization 
method  described  previously.  The  methyl  silicone  oil  used  may  be  the 
fraction  boiling  above  175  degrees  C at  ?60  mm.,  the  unfractionated 
oil,  or  the  cyclic  materials  such  as  octamethylcyclotetraslloxane . 
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If  the  high  boiling  material  or  unfractionated  methyl  silicone  oil  is 
used,  it  must  be  prepared  from  pure  or  substantially  pure  difunctional 
dimethyl  silane.  If  sodium  hydroxide  ie  used  as  the  polymerizing 
catalyst  in  a closed  system,  it  is  desirable  to  use  methyl  silicone 
oil  from  which  the  fraction  boiling  below  175  degrees  C at  ?60  mm. 
has  been  removed.  (Sodium  hydroxide  appears  to  be  ineffective  in 
polymerizing  the  low  boiling  cyclic  siloxanes  at  a rate  feasible  for 
this  application). 

The  copolymers  may  be  compounded  and  cured  by  conventional 
methods  used  for  silicone  rubber  using  various  fillers  such  as  silica, 
titania,  etc.,  in  a quantity  sufficient  to  form  a pasty  mass  which  can 
be  easily  handled.  Vulcanizing  agents  ;ueh  as  benzoyl  peroxide  may  be 
used,  preferably  from  2 to  6 parts  of  peroxide  per  100  parts  of  polymer 
by  weight.  Vulcanization  may  be  accomplished  by  heating  at  approxi- 
mately 250  degrees  F for  15  minutes  and  the  elastomer  obtained  can  be 
aged  at  the  desired  conditions  to  produce  particular  polymer  character- 
istics. 

The  following  experiments  set  forth,  in  detail,  methods  used  to 
prepare  elastomeric  fluorosilicone  copolymerBi 

Experiment  C-26A 

Twenty-four  grams  of  distilled  dimethyl  dichlorosilane  and  8 grams 
of  3,3 ,4,4,5*5»5  heptafluoropenty 1 methyl  diethoxy silane  were  thoroughly 
mixed  and  added  dropw'ise  to  100  ml.,  of  10$  HC1  with  stirring  over  a 
period  of  ho  minutes.  Stirring  continued  for  1 hour;  EC1  solution  and 
the  oily  hydrolysis  product  were  placed  in  a reflux  apparatus  and 
allowed  to  reflux  for  22  hours.  Cil  separated,  centrifuged,  and  heated 
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to  remove  adhering  water.  Yield  cf  oil  lh.3  grams.  Seven  grams  of  the 
oil  heated  to  100  degrees  C in  an  open  system  and  .027  grams  of  KOH  in 
15  drops  of  ethanol  were  added  with  stirring.  The  temperature  was 
raised  to  130  degrees  C with  continued  stirring  and  after  3 5 minutes 
a thick  senii-eclid  elastomeric  material  formed.  Infrared  analysis 
indicated  no  loss  of  fluorine  on  polymerization.  The  sample  was  com- 
pounded with  h.5  parts  of  ethylpolysiloxane  coated  Santocel  "C"  filler 
and  5 parte  of  benzoyl  peroxide  with  curing  at  258  degrees  7 for  15 
minutes  and  aging  for  2 1/2  hours  at  300  degrees  F.  Physical  proper- 
ties are  presented  in  Table  II. 

Experiment  C-26B 

Seven  grams  of  the  hydrolyzed  oil  from  Experiment  C-26A  and 
5 mg.  of  FeCly  6H,,0  were  added  with  stirring  in  an  open  system.  The 
temperature  was  raised  to  130  degrees  C with  continued  stirring  and 
after  one  hour,  a thick  brown  semi-solid  elastomeric  material  formed. 

The  sample  was  compounded  with  60  parts  of  ethylpolysiloxane  coated 
Santocel,  "C"  and  5 parts  of  benzoyl  peroxide  with  curing  at  258  de- 
grees F for  15  minutes  and  aging  1 hour  at  300  degrees  F.  Physical 
properties  are  presented  in  Table  II. 

Experiment  C-29 

Fifteen  grams  of  3,3. 4,4,5, 5.5  heptafluoropentyl  methyl  diethoxy- 
gilane  were  added  to  100  ml  of  10^  EC1  and  the  mixture  refluxed  for  24 
hours.  The  mixture  was  then  placed  in  a separatory  funnel;  the  oil 
which  settled  to  the  bottom  separated  and  the  HC1  layer  extracted  with 
ether.  When  the  ether  evaporated,  the  oils  were  combined  and  heated  to 
remove  adhering  water.  Four  and  one  half  grams  of  the  hydrolyzed  fluoro- 
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silicone  oil  were  blended  with.  ? grams  of  methyl  silicone  oil  from  which 
the  cyclic  tetramer  had  been  removed  by  distillation  and  the  mixture 
heated  to  110  degrees  C in  an  open  system.  Thirty  drops  of  ethanol 
containing  .054  grams  of  FOB  were  added  with  stirring  and  the  tempera- 
ture raised  to  l60  degrees  C.  Heating  and  stirring  continued  for  2 
hours  when  a semi-6olid  elastomeric  material  formed.  The  sample  was 
compounded  with  45  parte  of  etkylpolysiloxane  coated  Santocel  MCM 
filler,  5 parts  of  ben2oyl  peroxide  with  curing  at  258  degrees  F for 
15  minutes  and  aging  for  1 hour  at  300  degrees  F.  Physical  properties 
are  presented  in  Table  II. 

Experiment  C-34 

Six  grams  of  3, 3, 4,4, 5, 5,5  heptafluoropentyl  methyl  diethoxysilane 
were  hydrolyzed  in  the  same  manner  as  Experiment  C-29»  Three  and  seven 
tenths  grams  of  this  oil  were  blended  with  ?»4  grams  of  oc tame thyl eye lo- 
tetrasiloxane  and  heated  to  100  degrees  C in  a beaker  on  a hot  plate  with 
stirring,  then  fifty  drops  of  5 CsOE  in  ethanol  were  added  and  the 
ethanol  allowed  to  volatilize.  The  mixture  was  placed  in  a closed  system 
and  heated  at  195  degrees  C with  stirring  for  140  hours  and  on  cooling  a 
6emi-6olid  elastomeric  material  formed.  The  cample  was  compounded  with 
ii5  parte  of  ethylpolysiloxane  coated  Santocel  HC"  and  5 parts  of  benzoyl 
peroxide  with  molding  at  2 58  degrees  F for  15  minutes  and  aging  1 hour 
at  300  degrees  F.  Physical  properties  are  presented  in  Table  II. 

4.  Copolymer  of  Dimethyl  Dichloroeilane  and  Bis  3,3,3  Trlfluoro- 
propyl  Dimethoxysilane 

The  following  experiment  sets  forth  a method  used  to  prepare 
a copolymer  of  the  above-named  compounds! 
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Experiment  C-36 

Three  grams  cf  his  3*3*3  trifluoropropyl  dlmethoxyeilane  and 
twelve  grams  of  distilled  dimethyl  dichlorosilane  were  thoroughly 
mixed  in  a separatory  funnel  and  added  dropwiee  with  stirriig  to 
100  ml  of  10$  HC1  over  a period  of  20  minutes.  Stirring  continued 
aae  additional  hour.  The  mixture  waB  placed  in  a reflux  apparatus 
and  refluxed  for  ?2  hours.  The  oil  was  separated,  the  HC1  solution 
extracted  with  diethyl  ether,  the  ether  evaporated  and  the  oils  com- 
bined and  heated  to  drive  off  adhering  water.  Yield  6 grams  of  oil. 

Six  grams  of  oil  were  heated  to  100  degrees  C in  an  open  system  on  a 
hot  plate  and  15  drops  of  5#  &0H  in  ethanol  added  with  stirring.  The 
temperature  was  raised  to  150  degrees  C and  heating  and  stirring  con- 
tinued for  30  minutes.  On  cooling  a semi-solid  elastomeric  material 
formed  which  was  compounded  with  parts  of  ethylpolysiloxane  coated 
Santocel  "C*  and  3 parts  of  benzoyl  peroxide  with  curing  at  258  degreee  F 
for  15  minutes,  and  aging  1 hour  at  300  degrees  F.  This  sample  had  the 
following  properties! 


Tensile  Strength 

411  lbs/in 

Elongation 

9 52 

Swell  in  70/30  fuel  after 

1962 

48  hours  at  room  temp. 

Density 

1.28 

Flexible  at  -65  degrees  F 
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III.  INFRARED  DATA 


On  examination  of  the  spectrum  of  the  cohydrolyzed  oil  in 
experiment  C-l6  and  comparing  it  with  the  spectrum  of  the  same 
oil  after  polymerization  with  NaOH,  it  was  found  that  none  of 
the  hands  present  in  the  spectrum  of  the  hydrolyzed  oil  dis- 
appeared; however,  a hand  appeared  in  the  polyraerized  material 
which  was  not  present  in  the  oil,  indicating  a structural  change. 

This  hand  is  located  at  11.9  microns  and  is  also  found  in  the  poly- 
mer obtained  in  C-17  and  C-18.  It  is  considered  to  he  evidence  of 
copolymerization.  As  expected,  it  is  not  found  in  the  oil  in  these 
experiments  prior  to  polymerization.  A large  difference  between 
relative  intensity  of  several  hands  of  the  hydrolyzed  oilB  and  the 
polymers  was  noted  and  investigated.  It  can  he  seen  that  the  relative 
intensity  of  the  hand  at  8.15  microns  (C-F  from  Mb  3.3 .^*^.5.5.5 
heptafluoropentyl  diethoxy  silane)  to  the  hand  at  7*95  microns  (Si-CK,^ 
from  methyl  silicone  oil)  is  much  greater  in  the  polymer,  indicating 
a greater  concentration  of  fluorine  in  the  polymer  than  in  the  monomer 
mixture.  An  increase  in  the  relative  intensity  of  the  hand  at  9*8 
microns  and  a decrr-ase  in  the  relative  intensity  of  the  hand  at  l~.b 
microns  is  also  noted  In  the  polymer.  Since  the  spectrogram  of  octa- 
methyl  cyclotetrasiloxane  contains  a relatively  low  absorption  at  9.8 
microns  and  a relatively  high  absorption  at  lh.h  microns  when  compared 
to  the  spectrum  of  methyl  silicone  oil  or  the  cohydrolyzed  oil,  it  is 
deducted  that  a large  portion  of  this  material  volatilizes  during  poly- 
merization from  the  open  system.  Octamethyl  cyclotetrasiloxane  is  the 
lowest  boiling  constituent  (B.P.  175°C)  of  the  silicone  oil  which  exists 

in  an  appreciable  quantity  (42^).  It  has  also  been  found  that  NaOH  is 
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ineffective  as  e polymerizing  agent  for  the  cyclic  tetramer  at  the 
temperature  employed.  Thle  volatilization  undoubtedly  accounts  for 
the  yields  of  only  55^  of  the  oil. 

The  only  difference  in  the  spectra  of  the  blended  oils  and  the  co- 
Lydrolyzed  oile  Is  an  additional  band  in  the  spectrum  of  the  blend  (C-17) 
before  polymerization.  Thle  band  occurs  at  10.4  microns  and  disappears 
after  polymerization.  It  is  associated  with  the  ethoxy  group.  Another 
band  associated  with  this  group  occurs  at  9»2  microns  and  is  masked  by 
the  broad  band  from  9 to  10  microns.  These  spectra  also  show  a larger 
amount  of  fluorine  in  the  cohydrolyzefi  product  than  the  blend  which  con- 
tains the  calculated  equivalent  of  oil  from  12  grams  of  dimethyl  dichloro- 
silane.  It  is  assumed  that  this  Ib  due  to  the  volatilization  of  the 
dimethyl  dichlorosilane  during  cohydrolysis  giving  rise  to  a greater 
concentration  of  fluorine  containing  oil.  A correlation  between  the 
relative  intensity  of  the  C~F  absorption,  density,  and  swell  in  fuel  can 
also  be  noted  in  Table  I. 
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1 fuel  swell  test*  run  in  70/30  isoctane  - toluene  at  room  temperature  for 
, hre.  Commercial  samples  swelled  over  250%  in  fuel  at  room  temperature  in 
i hours  when  compounded  in  the  same  manner  as  the  copolymers. 


Data  on  Physical  Properties  of  Copolymere  of  .5. 5»5  heptafluoroper.tyl 

methyl  diethoxys ilane  and  Dimethyl  dichloroailane 
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